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® A signal quality detecting circuit for FM receivers. 

® A signal quality detecting circuit for an FM re- 
ceiver, said receiver including an IF detector gen- 
erating an Intensity signal Indicating the received 
field strength of the FM signal being received and 
including an FM demodulator generating an auto- 
matic frequency control signal indicating a frequency 
enror at which said FM signal is being received, said 
signal quality detecting circuit comprising. level de- 
tector means (32) adapted to be coupled to said IF 
detector for producing a first signal when said Inten- 
sity signal is greater than a predetermined intensity 
window detector means (33) adapted to be coupled 
to said FM demodulator for producing a second 
signal when said automatic frequency control signal 
IS within a predetermined window, noise filter means 
(31) adapted to be coupled to said IF detector for 
generating a filtered noise signal derived from said 
intensity signal, said filter means rejecting frequen- 
cies containing components related to the Inteili- 
gence contained in said FM signal, peak detector 
means (31) coupled to said noise filter means for 
producing a third signal when said filtered noise 



signal is below a predetermined peak value, and 
logic means coupled to said level detector means 
said window detector means, and said peak detector 
means for producing an indicating signal (35) In 
response to the simultaneous occurrence of said 
first, second, and third signals to indicate that a high 
quality FM signal is being received. 
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A SIGNAL QUALITY DETECTING CIRCUIT FOR FM RECEIVERS 



The present invention relates In general to 
identifying signal quality of a received radio trans- 
mission, and more specifically to an Indicating cir- 
cuit for detecting the presence of a strong FM 
signal without the presence of noise or Interfer- 
ence. The present application is related to U S 
application Serial No. (88-506) filed concurrently 
herewith. 

The measurement of received signal quality 
has been employed in FM receivers for implement- 
ing a number of different functions. For example, 
automatic scan tuners which sweep through the FM 
broadcast band must terminate a scan when a 
broadcast signal is received having a particular 
signal quality. Signal quality is also measured In 
order to modify receiver characteristics in response 
to certain conditions, e.g., output blanking or reduc- 
ing stereo separation In response to the presence 
of noise. 

Several different methods have been employed 
to generate a stop signal for terminating the sweep 
operation in an automatically scanning tuner. Most 
methods rely on a measure of the received signal 
strength, or a frequency window detennlned by the 
automatic frequency control (AFC) signal, or a 
combination of both. Integrated circuits are com- 
mercially available which provide FM intermediate 
frequency (IF) demodulating systems. These sys- 
tems include signal strength level detectors and 
AFC window detectors that are or can be intercon- 
nected to generate stop pulses for scan tuning 
operations (e.g.. the CA3209E integrated circuit 
made by RCA Solid State Division and the TDA 
4220 integrated circuit made by Siemens). 

The presence of a received signal strength 
greater than a predetermined magnitude provides 
an insufficient Indicator of signal quality to stop a 
scan tuning operation because the received signal 
strength may be high while signal quality is low 
due to the presence of noise, adjacent channel 
interference, or multipath interference. Even with 
the use of a frequency window to ensure that 
scanning Is stopped accurately at the frequency of 
a strong received signal, stopping on a received 
signal which includes noise and interference contin- 
ues to be a problem. 

It is also known to examine the noise compo- 
nent of a signal relative to the information signal 
component in order to determine signal quality. For 
example, communications transceivers employ out- 
put inhibiting or squelch when a particular level of 
noise is present. However, the prior art systems 
measure noise at frequencies that also contain 
information-related components. Therefore, only 
noise that is substantially equal to or greater than 



the Information component can be detected. 

It is a principal object of the present invention 
to detect the reception of an FM signal having a 
predetermined signal quality in a manner which is 
5 highly sensitive to noise levels. 

It Is a further object of the Invention to provide 
apparatus and method for detecting the presence 
of a high quality received FM broadcast signal 
which is accurately tuned in and which is substan- 
10 tially unaffected by noise. 

It is another object of the invention to provide 
for scan tuning of an FM radio wherein a scan 
operation Is stopped only when a signal is received 
having a predetermined signal quality. 
IS It is still another object to improve the listening 

quality of a received signal whenever the detected 
quality falls below a predetermined value. 

These and otiier objects are achieved by a 
quality detecting circuit for an FM receiver The 
20 receiver includes an IF detector generating an in- 
tensity signal indicating the received field strength 
of ttie FM signal being received. The receiver also 
includes an FM demodulator which generates an 
automatic frequency control signal indicating the 
25 amount of error between the value of the carrier 
frequency of the FM signal as received and its 
correct value. The quality detecting circuit com- 
prises a level detector means adapted to be coup- 
led to the IF detector for producing a first signal 
30 when the intensity signal is greater than a predeter- 
mined intensity. Window detector means Is adapt- 
ed to be coupled to the FM demodulator for pro- 
ducing a second signal when the automatic fre- 
quency control signal is within a predetermined 
35 window. Noise filter means is adapted to be coup- 
led to the IF detector for generating a filtered noise 
signal derived from the intensity signal. The filter 
means rejects frequencies containing components 
related to the intelligence contained in the FM 
40 signal. Peak detector means is coupled to the 
noise filter means for producing a third signal when 
the filtered noise signal is below a predetermined 
peak value. Logic means is coupled to the level 
detector means, the window detector means, and 
45 the peak detector means for producing an Indicat- 
ing signal in response to the simultaneous occur- 
rence of the first, second, and third signals to 
indicate tiiat a high quality FM signal is being 
received. 

50 The invention will now be described further, by 
way of example, with reference to the accompany- 
ing drawings. In which : 

Figure 1 is a block diagram of a scan tuning 
FM receiver according to the prior art. 

Figure 2 is a logarithmic plot showing fre- 
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quency ranges for various signal components 
present within an FM receiver. 

Rgure 3 Is a block diagram showing a signal 
quality detecting circuit according to the present 
invention. 

Rgure 4 is a block diagram showing a scan 
tunning FM receiver employing a stop circuit ac- 
cording to the present invention. 

Rgure 5 Is a schematic and block diagram 
showing an FM noise controller according to the 
present Invention. 

Rgure 1 shows a well known FM receiver ar- 
chitecture Including an antenna 10, an RF section 
11, an IF section 12. a demodulator 13, a stereo 
decoder 14,. left and right audio amplifiers 15 and 
17, and stereo speakers 16 and 18. Electronic 
tuning of the FM receiver is accomplished by 
means of a scan tuner 20 which provides a tuning 
voltage over a line 21 to RF section 11. A local 
oscillator contained in RF section 11 provides a 
local oscillator signal used for deriving an inter- 
mediate frequency. The local oscillator signal is 
also provided from RF section 1 1 to scan tuner 20 
over a line 22 for implementing electronic control 
over the RF tuning using a phase locked looprfor 
example. 

Scan tuning of the FM receiver is implemented 
by sweeping the tuning voltage provided over line 
21 in response to a start signal 23 provided to scan 
tuner 20. Sweeping of the tuning voltage continues 
automatically until an FM signal is received meet- 
ing the criteria for identifying a signal of a predeter- 
mined quality. When such a signal is received, a 
stop signal 24 is provided to scan tuner 20 from a 
stop circuit 25. An Intensity signal is provided from 
IF section 12 to stop circuit 25 and an automatic 
frequency control (AFC) signal is provided from 
demodulator 13 to stop circuit 25. As taught in the 
prior art, stop circuit 25 generates a stop signal in 
response to the intensity signal being above a 
predetermined intensity and the AFC signal being 
within a frequency window to indicate that the 
station is accurately tuned in. 

The conventional stop circuit shown In Figure 1 
has the disadvantage that it may stop on a 
sideband of a strong signal, or on a signal contami- 
nated by noise or interference. 

In order to reduce the false stopping or Iden- 
tification of such noisy signal as a good quality 
signal, the present invention analyzes an additional 
characteristic of the signal to produce a high qual- 
ity FM signal detector. 

Figure 2 shows a signal spectrum within an FM 
receiver plotted on a logarithmic scale. An FM 
receiver output Is affected by broadband noise 
which is present across the entire spectrum. A 
range of frequencies 26 is identified which Includes 
FM broadcast signals and harmonics. The FM sig- 



nals include the stereo sum baseband channel 
from zero to 15 KHz, a pilot signal at 19 KHz. 
stereo difference channel sidebands extending 
from 23 KHz to 53 KHz. and a subsidiary commu- 
5 nicatlon authorization (SCA) signal from 60 to 74 
KHz. In Europe, the FM signal also includes a 
subcarrier at 57 KHz for modulating traffic and 
other information according to the Radio Data Sys- 
tem (RDS) employed there. Harmonics from these 
10 various FM signals appear In the FM receiver ex- 
tending up to the upper end of range 26 at about 
100 KHz to about 150 KHz. The harmonics or other 
nonlinear products from signal mixing are caused 
by IF filters and limiting amplifiers, for example. 
IS A range of frequencies 28 extends from 5 MHz 

and higher and includes Intermediate frequency 
signals and radio frequency signals orginating in 
tuned-in or neariy tuned-in FM broadcasts. The 
intermediate frequency of an accurately tuned in 

20 signal is located at about 10.7 MHz, but IF signals 
from adjacent channels can appear somewhat be- 
low 10.7 MHz. 

The signals present In the FM receiver in fre- 
quency ranges 26 and 28 contain the information 

25 content of the desired FM signal being received. 
However, a range of frequencies 27 extending from 
about 100 KHz to about 5 MHz contains noise only. 
Frequency range 27 lacks any signal components 
related to the Intelligence contained In the FM 

30 signal being received and is used herein to derive 
a measure of signal noise which is not masked by 
the information signal content 

Figure 3 shows a quality detecting circuit 30 
including a noise detector 31 receiving the field 

35 intensity signal produced by a conventional IF de- 
tector (not shown). The field intensity signal is 
sometimes referred to as the stereo blend signal. 
The intensity signal Is further provided to a level 
detector 32. The AFC signal provided by a conven- 

40 tional demodulator (not shown) is input to a window 
detector 33. The outputs of noise detector 31, level 
detector 32, and window detector 33 are respec- 
tively Input to a logic circuit 34. The output of logic 
circuit 34 provides an indicating signal 35 which 

45 can be employed as a stop signal, for example. 

In operation, noise detector 31 isolates that 
frequency range of the intensity signal which con- 
tains no components related to the FM signal Intel- 
ligence. The Isolated noise signal is compared to a 

so predetemnlned value and a signal Is provided to 
logic circuit 34 when the isolated noise signal is 
below the predetermined value. Level detector 32 
compares the Intensity signal to a predetermined 
intensity and produces an output signal transmitted 

55 to logic circuit 34 when the intensity signal Is 
greater than the predetermined Intensity. Window 
detector 33 compares the AFC signal to a pair of 
window threshold values and generates an output 
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signal which Is coupled to logic circuit 34 when the 
AFC signal Is within the predetermined window to 
Indicate that the Ff^ station Is accurately tuned In. 
Logic circuit 34 preferably performs an AND func- 
tion for generating indicating signal 35 when sig- 
nals from noise detector 31 , level detector 32, and 
window detector 33 are simultaneously received. 

Rgure 4 shows an FM scan tuning receiver 
having a stop circuit according to the present In- 
vention and using typical integrated circuits for 
major portions of the receiver. An antenna 40 is 
coupled to a receiver front end IC 41. IC 41 in- 
cludes an FM tuner 42 and an IF amplifier and filter 
section 43. The output of IF amplifier and filter 
section 43 is connected to an multistage IF limiting 
amplifier 45 in an IF demodulating system IC 44. 
The amplitude limited IF signal from multistage 
amplifier 45 is coupled to an FM demodulator 46 
which provides a composite audio output having 
stereo sum and difference channels. Each am- 
plifying stage In multistage amplifier 45 Is con- 
nected to an IF level detector 47 that generates an 
intensity signal which Is proportional to the field 
Intensity at which the FM signal is being received. 
The intensity signal is provided to a level detector 
and frequency window detector 48 which also re- 
ceives an AFC signal from FM demodulator 46. 
Detector 48 provides an output signal to one input 
of an AND gate 55 in a high quality detector circuit 

50. Quality detector circuit 50 implements the func- 
tions of quality detecting circuit 30 (Figure 3) that 
are not already Implemented in IC 44 in Figure 4. 
In other words, level detector and frequency win- 
dow detector 48 performs the functions of level 
detector 32, window detector 33, and part of logic 
circuit 34 rn Rgure 3. 

The intensity signal from IF level detector 47 is 
provided across a threshold setting potentiometer 

51 . A threshold tap 52 couples an attenuated inten- 
sity signal to a bandpass filter 53. The filtered 
intensity signal Is provided from bandpass filter 53 
to a noise amplifier and peak detector 54. Poten- 
tiometer 51 , filter 53, and noise amplifier and de- 
tector 54 correspond to noise detector 31 in Rgure 
3. The output of detector 54 is connected to the 
remaining input of AND gate 55. 

The output of AND gate 55 provides a stop 
signal (i.e., Indicating signal) 56 which Is coupled to 
a microprocessor-controlled phase locked loop 
scan tuning circuit 57. Circuit 57 receives a start 
signal 58 in response to operator actuation of a 
scan tuning operation. A phase lock loop tuning 
voltage 60 is provided from circuit 57 to FM tuner 
42 which contains a local oscillator. The local os- 
cillator signal 61 Is provided from FM tuner 42 to 
scan tuning circuit 57. 

In operation, bandpass filter 53 provides a 
noise signal not related to FM signal intelligence by 



virtue of the pass band of bandpass filter 53 being 
in the range from 100 KHz to about 5 MHz. Prefer- 
ably, bandpass filter 53 has a lower cutoff fre- 
quency equal to about 200 KHz and an upper 
5 cutoff frequency equal to about 2 MHz or has a 
smaller passband within that range. Detector 54 
detects the peak value of the filtered noise and 
compares the detected peak value with a predeter- 
mined peak value. Detector 54 generates a high 
70 logic signal output when the noise signal is below a 
predetenmined peak value. If the intensity signal Is 
greater than the predetermined intensity and If the 
frequency error signal (I.e.. AFC signal) is within 
the frequency window, then detector 48 also gen- 
ts erates a high logic level output and AND gate 55 
generates a high level output. The resulting stop 
signal 56 stops a scan tuning operation only on 
received signals of the highest quality. By virtue of 
the pass band of bandpass filter 53, scanning will 
20 not stop on any FM signal including an unaccep- 
table level of any noise including thermal noise, 
adjacent channel interference noise, multipass dis- 
tortion noise, overmodulation noise, or digital noise. 
Turning now to Figure 5, the present invention 
25 can be used in activating an ultrasonic noise filter 
for improving listening quality when overall signal 
quality Is degraded. Thus, a demodulator 65 re- 
ceives an IF signal to produce a composite audio 
output on a line 67. Composite audio output 67 is 
30 passed through a switchable low-pass filter 66 to 
generate a filtered composite audio output 72. Rl- 
ter 66 preferably Includes a plurality of stages, 
each having a series connected resistor 75 and 
operational amplifier 76. A filter-stage switch tran- 
35 sister 78 has a collector coupled to the junction of 
resistor 75 and operational amplifier 76 through a 
capacitor 77. The emitter of transistor 78 is con- 
nected to a DC reference voltage 68 provided by 
demodulator 65. The collector and emitter of tran- 
40 sistor 78 are coupled by a resistor 79 which has a 
higher resistance than resistor 75 and keeps ca- 
pacitor 77 at the DC reference voltage independent 
of the state of transistor 78. A capacitor 80 is 
coupled between the line carrying DC reference 
45 voltage 68 and ground. 

Indicating signal 35 from quality detecting cir- 
cuit 30 (Figure 3) is provided to the input of a 
monostable multivibrator 70. A filter control pulse Is 
provided from monostable multivibrator 70 over a 
50 line 71 to the base of filter switch transistors 78. 

In operation, the logic level of indicating signal 
35 is high when the FM signal being received has 
a high quality. Monostable multivibrator 70 is pro- 
vided such that it will be triggered to generate an 
55 output pulse by a negative going transition of in- 
dicating signal 35. While indicating signal 35 re- 
mains high, there Is no control pulse over line 71 to 
switch on filter 66. Therefore, composite audio out- 
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put 67 Is passed through filter 66 unchanged to 
provide the filtered composite signal 72. When 
Interference or noise is present in the received FM 
signal, Indicating signal 35 will oscillate between 
high and low states. A filter control pulse of a s 
predetermined duration Is generated by monosta- 
ble multivibrator 70 to activate low pass filter 66. 
The characteristics of low pass filter 66 are such 
that frequencies below about 19 KHz (i.e., fre- 
quencies containing the stereo sum channel and io 
the FM pilot signal) are substantially unaffected 
while higher frequencies which include the stereo 
difference sidebands are attenuated. 

DC reference voltage 68 is applied to the emit- 
ters of switching transistor 78 to provide the same is 
biasing DC potential to the filter as Is present In the 
composite output of the demodulator 65 in order to 
avoid audio pops when the filter is switched to an 
active or an inactive state. In other words, de- 
modulator 65 and filter 66 are biased to the same so 
DC reference voltage such that their outputs swing 
about the same voltage thereby avoiding a change 
in bias level when filter 66 is switched on or off. 



Claims 

1. A signal quality detecting circuit for an FM 
receiver, said receiver including an IF detector 
generating an intensity signal indicating the 30 
received field strength of the FM signal being 
received and including an FM demodulator 
generating an automatic frequency control sig- 
nal indicating a frequency error at which said 
FM signal Is being received, said signal quality ss 
detecting circuit comprising, level detector 
means (32) adapted to be coupled to said IF 
detector for producing a first signal when said 
intensity signal is greater than a predetermined 
intensity, window detector means (33) adapted 40 
to be coupled to said FM demodulator for 
producing a second signal when said auto- 
matic frequency control signal is within a pre- 
determined window, noise filter means (31) 
adapted to be coupled to said IF detector for 4S 
generating a filtered noise signal derived from 
said intensity signal, said filter means rejecting 
frequencies containing components related to 
the intelligence contained in said FM signal, 
peak detector means (31) coupled to said so 
noise filter means for producing a third signal 
when said filtered noise signal is below a pre- 
determined peak value, and logic means coup- 
led to said level detector means, said window 
detector means, and said peak detector means 55 
for producing an Indicating signal (35) in re- 
sponse to the simultaneous occurrence of said 
first, second, and third signals to Indicate that 



a high quality FM signal is being received. 

2. A circuit as claimed claim 1 , further comprising 
threshold control means coupled to said noise 
filter means for attenuating said filtered noise 
signal. 

3. A circuit as claimed in claim 1, wherein said 
noise filter means has a lower cutoff frequency 
to block all frequencies below about 100 
kilohertz. 

4. A circuit as claimed in claim 1, wherein said 
noise filter means has a lower cutoff frequency 
equal to about 200 kilohertz. 

5. A circuit as claimed in claim 1. wherein said 
noise filter means has an upper cutoff fre- 
quency to block ail frequencies above about 5 
megahertz. 

6. A circuit as claimed in claim 1, wherein said 
noise filter means has an upper cutoff fre- 
quency equal to about 2 megahertz. 

7. An FM receiver for receiving FM broadcast 
signals, comprising, front end tuner means for 
tuning to an FM signal, an IF amplification 
stage coupled to said front end tuner means, 
IF level means coupled to said IF amplification 
stage for generating a field intensity signal, an 
FM demodulator coupled to said IF amplifica- 
tion stage, said FM demodulator generating an 
automatic frequency control signal and an 
audio output signal, level detector means 
coupled to said IF level means for producing a 
first signal when said intensity signal is greater 
than a predetermined intensity, window detec- 
tor means coupled to said FM demodulator for 
producing a second signal when said auto- 
matic frequency control signal is within a pre- 
determined window, noise filter means coupled 
to said IF level means for generating a filtered 
noise signal derived from said intensity signal, 
said filter means rejecting frequencies contain- 
ing components related to the intelligence con- 
tained in said FM signal, peak detector means 
coupled to said noise filter means for produc- 
ing a third signal when said filtered noise sig- 
nal Is below a predetermined peak value, and 
logic means coupled to said level detector 
means, said window detector means, and said 
peak detector means for producing an indicat- 
ing signal in response to the simultaneous 
occurrence of said first, second, and third sig- 
nals to Indicate that a high quality FM signal is 
being received. 
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8. A receiver as claimed in claim 7, furtlier com- 
prising, scan tuning means coupled to said 
front end tuner means and to said logic means 
for scan tuning said receiver in response to a 
start signal and for stopping said scan tuning s 
in response to said indicating signal. 

9. A receiver as claimed in claim 7, further com- 
prising, noise controller means coupled to said 

FIVI demodulator and to said logic means for io 
reducing ultrasonic frequencies contained In 
said audio output signal from said FM de- 
modulator in response to the absence of said 
indicating signal. 

IS 

10. A receiver as claimed in claim 9, wherein said 
noise controller means comprises a monosta- 
ble multivibrator receiving said indicating sig- 
nal and a switch-controlled low-pass filter re- 
ceiving said audio output signal, said switch- 20 
controlled low-pass filter being activated by 

said monostable multivibrator to attenuate said 
ultrasonic frequencies. 

11. A method for indicating that an FM signal 25 
having a predetermined signal quality is being 
received by an FM receiver, said method com- 
prising the steps of, generating a field intensity 
signal proportional to the field intensity at 
which said FM signal is being received, gen- 30 
erating a filtered noise signal derived from said 

field intensity signal in a filter rejecting at least 
frequencies below about 100 kilohertz and 
above about 5 megahertz, generating an first 
signal when said filtered noise signal is below 35 
a predetermined peak value, and generating an 
indicating signal in response to at least said 
first signal to Indicate that a high quality FM 
signal is being received. 
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